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Biochanin A: A Comprehensive Overview of its Pharmacological Properties 
and Therapeutic Potential
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ABSTRACT
Mostly found in plants including red clover, chickpeas, and soy, natural occurring isoflavones include Biochanin 
A (BCA). Pharmacological research has been much interested in its wide spectrum of biological action and 
therapeutic applications. Being a phytoestrogen, BCA exhibits both oestrogenic and anti-estrogenic properties, 
which makes it a suitable treatment for diseases linked to hormones like menopausal symptoms, osteoporosis, 
and breast cancer. Its key mediator is its interaction with oestrogen receptors (ERα and ERβ), where, depending 
on the type of tissue, it may either mimic or impede the activity of endogenous oestrogen. Apart from its 
hormonal effects, BCA displays clear anti-inflammatory and antioxidant function. Modulated are important 
signaling pathways linked in inflammation, cell proliferation, and death: NF-κB, PI3K/AKT, and MAPK. 
These mechanisms help to explain both avoidance and its promise in treating chronic inflammatory diseases 
as well as cancer. Moreover, its antioxidant effect helps neutralize free radicals and reduce oxidative stress, a 
main component in the pathophysiology of many disorders including neurological ailments and cardiovascular 
difficulties. BCA has also demonstrated cardioprotective effects by improving lipid profiles, reducing cholesterol, 
and stopping the formation of atherosclerotic plaques. Its anticancer function is rather amazing as it has been 
shown in several cancer models to induce death, inhibit angiogenesis, and slow down tumor growth. These positive 
findings although insufficient data on the pharmacokinetics, absorption, and long-term safety of BCA restrict its 
therapeutic relevance. At last, BCA is a diverse natural substance with high medical value. Its many biological 
activities make it a good candidate for future research and development as a therapeutic agent addressing a range 
of diseases. Still, further extensive study including clinical trials is needed to totally explore its safety and efficacy 
in people. 
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INTRODUCTION 
Biochanin A (BCA), a natural isoflavone, has been found to inhibit 
fatty acid amide hydrolase, an enzyme involved in pain regulation [1]. 
It has diverse pharmacological properties, including anticancer, anti-
inflammatory, anti-bacterial, anti-diabetic, and anti-obesity effects 
[2]. BCA is present in various plants, such as soy, alfalfa, peanuts, 
and chickpea [3] Despite its potential, its clinical use is limited due 
to low bioavailability [4]. BCA has also been found to inhibit iNOS 
expression, p38-MAPK, and ATF-2 phosphorylation, and block NFκB 
nuclear translocation, demonstrating its anti-proliferative and anti-
inflammatory activities [5]. In particular, it has demonstrated potential 
as a BACE1 inhibitor, suggesting a role in Alzheimer's disease 
prevention and treatment [6]. Protect against focal cerebral ischemia/
reperfusion by inhibiting p38-mediated inflammatory responses [7]. 
Furthermore, it has been shown to have neuroprotective effects against 
β-amyloid-induced neurotoxicity [8]. Neuroprotective Effects of 
BCA against β-Amyloid-Induced Neurotoxicity in PC12 Cells via a 
Mitochondrial-Dependent Apoptosis Pathway [8]and to protect against 
lipopolysaccharide/D-galactosamine-induced acute liver injury in mice 
by activating the Nrf2 pathway and inhibiting NLRP3 inflammasome 
activation [9]. Its mechanisms of action in various disorders, including 
cancer, metabolic disorders, and neurological disorders, have been 
summarized [10]. However, its potential for drug-drug interactions and 
its effects on the aryl hydrocarbon receptor and cytochrome P450 1A1 
in breast carcinoma cells warrant further investigation [11,12].

BCA has been shown to possess a wide range of therapeutic properties, 
including cardioprotective effects. It has been found to reduce oxidative 
stress and increase SIRT1 expression, leading to the attenuation 
of cardiomyopathy in type 2 diabetic rats [13]. Additionally, it has 
been shown to inhibit lipopolysaccharide-induced inflammation in 
human umbilical vein endothelial cells, suggesting its potential as a 
therapeutic agent for inflammatory cardiovascular disease [14].  Its 
antihyperlipidemic effect has also been demonstrated in streptozotocin-
induced diabetic rats [15].

For many disorders, drugs of natural origin offer a major supply of 
rather safe and efficient therapy choices. Natural products have several 
pharmacological effects: antibacterial [16]; anti-inflammatory [17]; 
anticancer [18]; and antioxidant [19]. With their broad-spectrum 
biological activities, Flavonoids are a key class of natural compounds 
with varied chemical structures that have potent therapeutic effects 
[20]. Because their structure matches 17β-estradiol, soflavones are 
a subclass of flavonoids sometimes referred to as phytoestrogens. 
Mostly found within the legume family, Fabaceae, they include green 
beans, soybeans, and peanuts. Considered to have antiosteoporotic, 
anamnestic, and chemoprevention properties [21] 

Chemical Structure and Properties
Chemically, BCA is identified as 5,7-dihydroxy-4’-methoxyisoflavone 
that is 7-hydroxyisoflavone which is substituted by an additional 
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hydroxy group at position 5 and a methoxy group at position 4' [22]. 
The presence of hydroxyl groups is particularly significant for its 
antioxidant properties, as they can donate hydrogen atoms to neutralize 
free radicals [23].

Figure1. Chemical Structure of Biochanin A 

Biochanin A Plant Sources 
BCA was initially isolated from the stems and leaves of Trifolium 
pretense L., belonging to the family Leguminosae/Fabaceae, which 
is used utilized on largely to alleviate postmenopausal symptoms 
in women and to treat eczema, asthma, cough, and eye problems 
[24,25]. BCA can be also isolated from Astragalus membranaceus, 
the Traditional Chinese Medicine [26]. Moreover, BCA is abundant 
in a wide range of plants including soya bean (Glycine max) [15], 
peanuts (Arachis hypogaea) [27], chickpea (Cicer arietinum) [28,29], 
red clover (Trifolium pratense) [30], Indian rosewood (Dalbergia 
sissoo) [28],  alfalfa sprouts (Medicago sativa) [14,31], and golden tree 
(Cassia fistula) [32].

Biochanin A Pharmacokinetics 
The pharmacokinetics of oral BCA is intricate due to the interplay of two 
opposing effects: capacity-limited clearance and bioavailability, which 
affect the plasma concentration-time profiles. BCA also experiences 
enterohepatic recirculation. The primary metabolic processes include 
4'-O-demethylation followed by conjugation, in addition to the 
direct conjugation of BCA. Despite BCA's limited bioavailability, 
enterohepatic recycling may extend the duration of exposure [33].

Biochanin A Pharmacodynamics
BCA has been demonstrated to be a viable therapeutic option in 
several illnesses due to its advantageous pharmacological properties 
and ability to modulate cell signaling. BCA has been documented 
to possess antioxidant, anti-inflammatory, anticancer, antibacterial, 
neuroprotective, hepatoprotective, and several other biological effects.

Biological Activities
Antioxidant Activity
Oxidative stress, resulting from an imbalance between free radicals and 
antioxidants, is implicated in numerous chronic diseases. BCA exhibits 
potent antioxidant activity by scavenging reactive oxygen species 
(ROS) and upregulating endogenous antioxidant defenses [34]. 
In vitro studies have demonstrated BCA’s ability to neutralize free 
radicals, thereby protecting cells from oxidative damage [35].

Anti-inflammatory Effects
Chronic inflammation is a key contributor to various pathological 
conditions, including cardiovascular diseases and cancer. BCA has 
been shown to suppress the production of pro-inflammatory cytokines, 

such as tumor necrosis factor-alpha (TNF-α) and interleukin-6 
(IL-6), by inhibiting the nuclear factor-kappa B (NF-κB) signaling 
pathway. This modulation of inflammatory responses highlights BCA’s 
potential as an anti-inflammatory agent.

Anticancer Properties
BCA exhibits anticancer effects through multiple mechanisms:
	• Induction of Apoptosis: BCA promotes programmed cell death in 

cancer cells by activating intrinsic apoptotic pathways [36]. 

Neuroprotective Effects
Emerging evidence suggests that BCA offers neuroprotective benefits:
	• Oxidative Stress Reduction: By scavenging ROS, BCA protects 

neuronal cells from oxidative damage[37] 
	• Anti-inflammatory Actions: BCA decreases neuroinflammation 

by modulating microglial activation and cytokine production [38]. 

Therapeutic Applications
Given its diverse biological activities, BCA holds potential in various 
therapeutic areas:

Cardiovascular Health: BCA’s antioxidant and anti-inflammatory 
effects may contribute to improved cardiovascular function and 
reduced risk of atherosclerosis.

Cardioprotective 
Inducing antioxidant and anti-inflammatory pathways in several 
investigations has revealed BCA to have cardioprotective benefits. 
By its antioxidant properties, Sharma (2019) discovered that it may 
stop the development of isoprenaline-induced cardiac fibrosis in rats. 
By lowering hyperglycemia, oxidative stress, and enhancing SIRT1 
expression, [13] showed their ability to slow the development of 
cardiomyopathy in type 2 diabetes. By controlling lipid peroxidation, 
boosting antioxidants, and detoxifying enzyme systems, [39]claimed 
to be able to prevent isoproterenol-induced myocardial infarction in 
rats. By means of oxidative stress and inflammation reduction via the 
Nrf-2 pathway, JIR (2021)further validated these results in rats, hence 
mitigating obese cardiomyopathy. These findings taken together point 
to notable cardioprotective effectiveness of BCA. Furthermore shown 
to prevent arsenic-induced renal and cardiac damage is BCA [40]. 
As well as its function in lowering atherosclerosis by means of the 
suppression of lipid accumulation and inflammatory response, BCA 
has therapeutic efficacy in mitigating arsenic-induced renal and cardiac 
damage in rats [41]. By means of the TLR4/NF-κB/NLRP3 signaling 
pathway, BCA has also been demonstrated to reduce myocardial 
ischemia/reperfusion damage [42].

Metabolic Disorders: Preliminary studies suggest that BCA can 
enhance insulin sensitivity and modulate lipid metabolism, indicating 
potential benefits in managing diabetes and hyperlipidemia.

Antidiabetic 
Bioflavonoids have really remarkable hypoglycemic effects [43]. It is 
now clear that flavonoids play the function of "insulin secretagogues 
or insulin-mimetic agents". Giving BCA to diabetic rats caused by 
streptozotocin changed their glucose metabolism and HbA1C levels 
dropped. Blood visfatin levels increased [44], and Salemi, 2014). By 
reducing free radicals brought on by hyperglycemia and fasting blood 
sugar, oral BCA therapy has been shown to have anti-diabetic effects in 
STZ diabetic rats [45]. Using db/db diabetic mice, the anti-diabetic and 
anti-hyperlipidemic properties of red clover extract were investigated. 
BCA therapy reversed elevated plasma glucose, weight gain, and 
HbA1C levels [15]. Perhaps outlining the anti-diabetic properties of 
the chemical, BCA at certain dosages enhanced insulin sensitivity, 
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reduced insulin resistance and glucose tolerance, and raised SIRT-1 
expression [13]. Strong activation of PPAR receptors (PPARalpha/
PPARgamma) at low dosages [46] shows the anti-diabetic and anti-
hyperlipidemic activities of BCA.  Analyzing how serum resistin and 
adiponectin modulate glucose metabolism in diabetes, it is evident that 
BCA increases the synthesis of adiponectin and thereby enhances the 
efficacy of insulin. BCA lowers the raised resistin levels usually seen 
in type-1 diabetes. BCA [47] treating diabetes-induced oxidative stress 
under a rat model of STZ-induced diabetic neuropathy, BCA 's effects 
revealed that mechanical allodynia and hyperalgesia—paw withdrawal 
threshold—improved following therapy. BCA may thus be the optimal 
course of action for diabetic neuropathy [48]. Diabetic rat retinas were 
examined to exclude diabetic retinopathy following BCA injection. Its 
anti-inflammatory and anti-angiogenic properties were demonstrated to 
greatly reduce retinal damage incidence [49]. Rats with type 2 diabetes 
mellitus were utilized to test for diabetic nephropathy, which is brought 
on by elevated oxidative stress and TGF-β, thereby determining the 
potential relevance of BCA. Reducing oxidative stress and TGF-β 
expression helped to greatly enhance kidney performance [50].

Antilipidemic
Hyperlipidaemia is a frequent comorbidity noticed in those with 
diabetes. BCA lowered small dense low-density lipoprotein cholesterol 
(sd-LDLC) and fasting blood sugar (FBS) when given to diabetic 
rats; both of these are advantageous in diabetic dyslipidemia [51]. A 
formulation including BCA, with or without its analogues, will be 
beneficial in the treatment of diabetes and diabetic cardiomyopathy as 
shown by the elevated levels of IGF1R (insulin-like growth factor 1 
receptor), INSR (insulin receptor), and IRS2 (insulin receptor substrate 
2). Rats fed HFD-activated streptozotocin once daily for sixteen 
weeks were administered BCA orally once daily. This indicated that 
whilst reducing oxidative stress and hyperglycemia, BCA might raise 
SRT1 expression in heart tissue. BCA might be a helpful tool for 
type 2 diabetics reducing the development of cardiomyopathy[13]. In 
diabetic rats used in a research on the consequences of diabetes and 
diabetic nephropathy, the administration of BCA considerably lowered 
the expression of transforming growth factor-β1 (TGF-β1), protease-
activated receptors 2 (PAR-2) genes, and fasting blood glucose 
(FBG). One aspect of the anti-diabetic effect of BCA is decrease of 
oxidative stress. SIRT-1 influences the evolution of insulin sensitivity. 
Activating the PPAR gamma receptor, BCA has anti-diabetic effect. 
Common metabolic disorder that aggravates cardiovascular illnesses, 
dyslipidemia, sometimes referred to as hyperlipidemia, is typified by 
raised triglycerides and low-density lipoproteins [52]. Research on the 
link between a soy diet and hyperlipidemia is divided. Soy helps reduce 
raised cholesterol levels when used with traditional hyperlipidemic 
medications[53]. Randomized controlled studies on isoflavones in 
hypercholesterolemia confirm this result by showing a quite large 
favorable effect on triglyceride levels [54]. A tiny bit of BCA has been 
demonstrated to drastically reduce total and LDL cholesterol levels 
in mice on a high-fat diet. Level of hepatic triglyceride lipase and 
lipoprotein lipase is greater. Molecular docking experiments on BCA 
showed a significant impact in lowering cholesterol-ester transport, 
claims [55]. While formononetin [56] lowered LDL cholesterol levels 
in men, BCA did not clearly influence women. Human subject was 
administered plant sterol and the soy chemical BCA to evaluate LDL 
cholesterol levels and their effect on atherosclerosis. Co-administration of 
isoflavones and plant sterols has demonstrated to be very effective [10].

Overweightness 
Rising as a major worldwide health issue, obesity is fast expanding 
into an epidemic that influences wealthy and poor nations to different 

degrees. Though obesity and overweight are becoming more common 
in modern culture, there are not any medical therapies available for 
either ailment right now. Thus, both researchers and healthcare systems 
have to give safe and effective obesity therapies first importance. In 
high-fat diet -induced obesity, oral BCA therapy drastically reduced 
the physiological alterations connected to trace element metabolism. 
This might occur when pathogenic processes that disturb trace 
elements are inhibited, maybe by adjusting hepcidin and HO-1 levels 
and so addressing insulin resistance and hyperglycemia. BCA raised 
PPAR-α expression and its regulating proteins in the liver via inducing 
transcriptional activation of PPAR-α in vitro. BCA therapy enhanced 
the recovery of metabolites associated to beta-oxidation, lipogenesis, 
and phosphatidylcholine synthesis in the livers of obese mice. Two 
enzymes connected to gluconeogenesis, pyruvate kinase, and glucose 
6-phosphatase also showed inhibition by BCA. In diet-induced obesity, 
BCA regulated the metabolism of fat and glucose, therefore lowering 
metabolic abnormalities like insulin resistance and hepatic steatosis [57]. 
Moreover, BCA treatment demonstrated a notable therapeutic effect in 
obese mice as it brought the aberrant parameters virtually normal. By 
strengthening the Nrf-2 pathway and thereby preventing the NF-κB 
cascade, BCA raised the activity and mRNA expression of enzymatic 
antioxidants. BCA may lower inflammation and oxidative stress by 
activating the Nrf-2 pathway and blocking NF-κB activation, therefore 
reducing obesity and the cardiomyopathy associated with it [58]. BCA 
promotes AMPK signaling in C3H10T1/2 mesenchymal stem cells, 
therefore promoting the formation of brown adipocytes. Increasing 
lipolysis and mitochondrial biogenesis helps BCA therapy modifies the 
thermogenic process. BCA reduces energy consumption by increasing 
mitochondrial respiration in functional mitochondria preservation. The 
findings suggest that BCA may be a novel pharmacological treatment 
for obesity [59]. Leptin is a hormone that controls calories consumed 
and body mass. Recent research indicate that obesity development is 
much influenced by leptin resistance. Endoplasmic reticulum (ER) 
stress results from the accumulation of unfolded proteins in the ER 
and causes leptin resistance. Reduced glucose-regulated protein 
expression, altered leptin signaling brought on by ER stress, and 
decreased ER stress-induced neuronal cell death: BCA The findings 
suggest that BCA may have pharmacological properties that would 
lower ER stress and thereby lower leptin resistance. The cholesterol 
esterase inhibitory action of BCA is evaluated in this work using an in 
silico docking technique. [60]Sivashanmugam et al. (2013) found BCA 
showed cholesterol esterase inhibitory effectiveness. These molecular 
docking studies might guide the creation of effective cholesterol 
esterase inhibitors to treat obesity.

Hepatoprotective 
Oxidative stress, resulting from liver exposure to various toxins like 
alcohols and solvents, is responsible for the development of liver 
injuries and diseases. Therefore, the potent antioxidant, BCA, showed 
potential hepatoprotective activities against various models of liver 
injury including carbon tetrachloride [3], and arsenic [61]. 

Neuroprotective 
BCA exhibits neuroprotective activities against neurotoxicity induced 
by L-glutamate [62], lipopolysaccharide (LPS) [7], and cerebral [63], 
ischemia-reperfusion  [63]. Moreover, it protected against the depletion 
of striatal dopamine in the substantia nigra of the neurochemical deficit 
model in rats [63,64]. BCA activates AMPK signaling in C3H10T1/2 
mesenchymal stem cells, facilitating the formation of brown adipocytes. 
Besides it upregulated the activities of SOD, NADPH oxidase, and 
glutathione peroxidase (GPx) activities [65,66].
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Antioxidant 
BCA demonstrates an antioxidant impact through the activation 
of Nuclear factor erythroid 2-related factor 2 (Nrf2), which in turn 
induces its downstream antioxidant and cytoprotective enzymes, 
heme oxygenase-1 (HO-1) and NADPH quinone oxidoreductase 
1[34]. BCA promotes the upregulation of the antioxidant enzymes 
catalase and superoxide dismutase (SOD) [61]. Furthermore, BCA 
exhibits significant free radical scavenging capabilities, iron chelation 
properties, and lipid peroxidation inhibition potential [67]. 

Anti-inflammatory 
BCA 's anti-inflammatory impact results from its inhibition of mitogen-
activated protein kinase (MAPK) and NF-κB. Furthermore suppressing 
the release of inflammatory cytokines including tumor necrosis factor-
alpha (TNF-α), interleukin-1 beta (IL-1β), inducible nitric oxide 
synthase (iNOS), nitric oxide (NO), and prostaglandin E2 (PGE2) 
[68]. Further research revealed that BCA reduced NF-κB activation 
and inhibited the production of TNF-α and IL-8 via upregulating 
peroxisome proliferator-activated receptor gamma (PPAR-γ), hence 
inducing an anti-inflammatory response [14]. Furthermore shown to 
be an inhibitor of inflammasome activation was BCA, which blocks 
the interaction between thioredoxin-interacting protein (TXNIP) 
and pyrin domain-containing-3 (NRRP3) and nucleotide-binding 
domain, leucine-rich family [9]. By reducing the activities of iNOS 
and cyclooxygenase-2 (COX-2) and therefore lowering the amounts 
of prostaglandin E2 (PGE2), BCA helps to reduce inflammation [69]. 
The escalating prevalence of idiopathic pulmonary fibrosis (IPF) 
necessitates the urgent development of novel pharmacological agents 
to supplant pirfenidone, which is associated with several undesirable 
effects [70]. BCA has been shown to markedly diminish the expression 
of TGF-β-regulated fibrotic genes and to decrease the expression of 
inflammatory markers [71]. In comparing the therapeutic efficiency 
of BCA with pirfenidone, BCA demonstrated superior effectiveness 
in alleviating pulmonary fibrosis [71]. This offers a novel approach 
for the management of IPF. The prevalence of acute pancreatitis (AP) 
is increasing, and the substantial financial burden on the healthcare 
system has garnered our attention [72]. Patients with acute pancreatitis 
have elevated blood pancreatic enzymes, which may result in multi-
organ dysfunction, necessitating frequent clinic visits that significantly 
impair their quality of life [72].  In a murine model, BCA has been 
shown to diminish the migration of pathogenic Escherichia coli (E. 
coli) to the pancreas and to suppress TLR4-MARK/NF-κB signaling 
and activation of the NLRP3 inflammasome[73] therefore averting 
acute pancreatitis and intestinal injury. BCA may serve as a prospective 
medication for the treatment and prevention of AP[74].

Anticancer 
Cancer is the predominant cause of mortality in those under 70 years 
of age in 112 of 183 nations globally. The most recent global cancer 
burden statistics from the World Health Organization’s International 
Agency for Research on Cancer (IARC) indicates that there were about 
19.3 million cancer diagnoses and 10 million cancer fatalities globally 
in 2020. Found in meals high in isoflavones, BCA is a chemical under 
investigation for cancer therapy. In hamster embryo cell cultures, BCA 
reduced carcinogen activation according to the initial report published 
in 1988. Research on BCA's inhibition of several kinds of tumors—
including lung, prostate, gastrointestinal tract, pancreatic, breast, 
osteosarcoma, malignant melanoma, central nervous system tumors—
showcases Strong inhibitor of cytochrome P450 (CYP), BCA is a 
chemopreventive drug against hydrocarbon-induced carcinogenesis. 
It also lowers the production of thromboxane B2 and prostaglandin 
E2, therefore inducing COX-2 inhibition. BCA reduces the production 

and activity of invading enzymes as well as offers defense against 
oxidative damage. By downregulating Ki-67, activating caspase-3 and 
caspase-9, and downregulating MMP-2 and VEGF, it can stop lung 
cancer cell growth. Additionally improving the effectiveness of various 
anticarcinogens and reducing their adverse effects is BCA. Considered as 
a strong chemopreventive and/or treatment agent against cancer is BCA.

BCA has been proposed as an efficacious agent for the treatment of 
colorectal and lung malignancies. In vitro research indicated that 
BCA can augment the radiotoxicity of colon tumor cells. It may also 
contribute to the inhibition of tumor development and immune evasion 
by reducing the ZEB1/PD-L1 axis [75]. BCA may block epithelial-
mesenchymal transition in lung cancer and limit the proliferation 
rate of lung cancer cells via activating the Bcl-2 and caspase-3 
pathways, as well as modulating the expression of cell cycle-related 
proteins [76,77]. In addition to the aforementioned diseases, BCA 
has demonstrated varying levels of anti-cancer efficacy in various 
cancer types. In head and neck malignancies, BCA can impede FaDu 
cell migration and proliferation by downregulating cellular signaling 
pathways including p38, mitogen-activated protein kinase (MAPK), 
NF-κB, and Akt. It may function as a prospective chemotherapeutic 
agent for the treatment of head and neck malignancies[78]. In breast 
cancer, BCA is recognized as a distinctive natural anti-cancer drug that 
preferentially targets cancer cells and impedes cell viability, signaling 
pathways, invasive enzymes, and other signaling pathways [79]. In 
myeloma, BCA interacts with the CD38 protein and demonstrates 
an antagonistic impact [80]. Furthermore, with the escalation of 
BCA dosage, osteosarcoma cells exhibited a decelerated growth rate, 
whereas normal cells shown reduced toxicity [81]. This indicates that 
BCA may prevent and cure osteosarcoma. In glioblastoma, BCA has 
demonstrated a sensitizing effect via regulating the AMPK/ULK1 
pathway to suppress autophagy. BCA serves as an effective sensitizer 
when used in conjunction with temozolomide (TMZ) to address the 
limited cellular sensitivity of TMZ alone[82]. These data substantiate 
the potential application of BCA as an anti-cancer agent.

Antimicrobial
The advantage of using natural products with antimicrobial effects is 
the absence of the development of microbial resistance [83]. BCA was 
reported to have antiviral [84], antileishmanial [32], and antibacterial 
activities [85]. Moreover, it was found to have synergistic antibacterial 
activities with fluoroquinolones against various strains of antibiotic-
resistant bacteria [86].  

Hormone-related Conditions: As a phytoestrogen, BCA may alleviate 
menopausal symptoms and support bone health by modulating estrogen 
receptors.

Menopausal Symptom Relief
BCA is commonly used as a natural alternative to hormone replacement 
therapy (HRT) for managing menopausal symptoms , such as hot 
flashes, night sweats, and mood swings. Its estrogenic activity helps 
alleviate these symptoms without the risks associated with synthetic 
hormones [87–89].

Osteoporosis Prevention
By mimicking the effects of estrogen, BCA helps maintain bone density 
and reduce the risk of osteoporosis in postmenopausal women [90–92].

Challenges and Future Directions
Despite its therapeutic potential, several challenges hinder the clinical 
application of BCA. Addressing these challenges is crucial for 
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translating BCA’s promising preclinical findings into effective clinical 
therapies.

Limited Clinical Data
While numerous in vitro and animal studies have demonstrated the 
therapeutic potential of BCA, limited clinical data is available to 
support its efficacy and safety in humans. Most studies have focused 
on preclinical models, leaving a significant gap in understanding how 
BCA behaves in human physiology.
• Need for human clinical trials: Rigorous clinical trials are 

essential to evaluate BCA’s pharmacokinetics, optimal dosing, 
and therapeutic effects in humans. For example, studies on BCA’s 
effects on menopausal symptoms or cancer prevention are still in 
their early stages.

• Standardization of formulations: Variability in the composition 
of BCA-containing supplements and extracts poses a challenge for 
clinical research. Standardized formulations are needed to ensure 
consistent results across studies.

Safety Profile
Although BCA is generally considered safe, its long-term safety profile 
remains unclear. 
• Toxicity studies: Comprehensive toxicity studies are required to 

assess the safety of BCA at therapeutic doses, particularly for long-
term use.

• Potential drug interactions: BCA may interact with other 
medications, such as anticoagulants or hormone therapies, 
necessitating further investigation into its safety in combination 
therapies.

Future Directions
To fully realize the therapeutic potential of BCA, future research 
should focus on:
• Advanced delivery systems: Developing innovative delivery 

methods, such as liposomes, micelles, or biodegradable polymers, 
to improve BCA’s bioavailability and target specificity.

• Mechanistic studies: Elucidating the molecular mechanisms 
underlying BCA’s effects, particularly its interactions with 
signaling pathways such as NF-κB, PI3K/Akt, and MAPK.

• Clinical trials: Conducting well-designed clinical trials to 
evaluate BCA’s efficacy in treating specific conditions, such as 
cancer, neurodegenerative diseases, and metabolic disorders.

• Synergistic combinations: Exploring the potential of combining 
BCA with other therapeutic agents to enhance its efficacy and 
reduce side effects.

CONCLUSION
Natural occurring isoflavone BCA has a broad spectrum 
of pharmacological activities including oestrogenic, anti-
inflammatory, antioxidant, anticancer, and cardioprotective 
action. Its promise in controlling hormone-related illnesses, 
chronic diseases, and cancer is highlighted by its capacity to 
alter important signaling pathways and interact with estrogen 
receptors. Though preclinical studies show great therapeutic 
potential, further study is needed to completely clarify its modes of 
action, pharmacokinetics, and long-term human safety. With more 
research, BCA may become a useful candidate for the creation of 
new therapeutic agents as it provides a natural method to solve 
many health issues.
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